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V 
ABSTRACT 
Food safety knowledge, perceptions, and practices of adults have been researched 
extensively. However, little research exists about high school students' awareness of 
foodborne pathogens, perceived risk of foodborne illness, or concerns about food safety, 
providing little basis for educational material and program development with potentially 
great impact on future adult consumers. 
This study determined Iowa high school students' perceptions of food safety by 
measuring awareness of foodborne illness sources; assessing differences in food safety 
attitudes associated with home, restaurants, and school; determining perceived risk of 
foodborne illness from various foods; and assessing demographic influences on perceptions. 
Seventeen Iowa high schools from urban and rural areas were randomly selected. 
Telephone calls to biology teachers at these schools determined willingness to participate 
before survey distribution. All seventeen agreed to participate. Twelve high schools 
returned 289 completed surveys. 
A majority of students had heard of Salmonella (90.7%), ~. coli (88.9%), and 
Hepatitis A (83.7%), but few students were aware of Campylobacter (4.8%), Listeria 
(12.8%), or Clostridium (14.2%). Students' concern for getting sick from meat was not 
different from eggs, but was greater than for fruits and vegetables. 
Food processors/manufacturers were identified as the most likely source of food 
safety problems (75.8%), followed by restaurants (64.4%), transportation (58.1 %), 
supermarkets (47.1 %), home (40.5%), and farms (38.4%). Students believe it is more 
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common for illness to be caused by food handling in restaurants than in schools, and both are 
more common than from food handled at home. 
Nearly a third of students (32.5%) had foodservice employment experience and 
62.3% of students received some food safety education in school, but still reported to have a 
limited awareness of common foodborne illness sources and perceived risk of foodborne 
illness. 
Education and training efforts are needed to increase food safety awareness and risk 
perceptions because students handle food at home and in foodservice establishments 
frequently. Further, education and training efforts have potential to modify food-handling 
practices positively in a group of soon-to-be adult consumers. 
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CHAPTER 1. INTRODUCTION 
Even though consumers are rushed and less involved in food and meal preparation, 
they are concerned about food safety. Ninety-one percent of shoppers rate safety as very or 
somewhat important (Food Marketing Institute [FMI], 2000). In 1997, the National Food 
Safety Initiative focused on consumer food safety education (United States Department of 
Agriculture [USDA], 1997). 
Convenience and time savings are of more interest to consumers than proper food 
handling and preparation (Collins, 1997). Consumers are driving the shift in food product 
development towards convenient, partially or fully prepared meals because of a decreasing 
amount of time devoted to meal preparation. The more valuable time becomes in a 
developed society, the less time is devoted to household activities (Florkowski et al., 2000). 
New pork, beef, and poultry (both chicken and turkey) products provide time-
conscious consumers with quickly and easily prepared meal options. Meat product 
development teams have utilized new technologies and manufacturing processes to meet the 
demand for convenience meals. 
Although additional processing may allow consumers to have more choices, it also 
creates more opportunities for microbial, physical, and chemical contamination. The lack of 
experience with, knowledge of, or attention to proper food handling on consumers' part may 
create more problems than the processing is able to solve. 
To help develop consumer food safety education programs and materials, a 
considerable amount of research has been published that focuses on adult consumers' food 
2 
safety knowledge (Fein, Jordan Lin, &Levy, 1995; PR/HAACP Rule Evaluation Report, 
2001; Sparks &Shepard, 1994; Woodburn &Raab, 1999) and perceived risk (Albrecht, 
1995; Bruhn &Schutz, 1999; Daniels, Daniels, Gilmet &Noonan, 2001; Fein et al., 1995; 
Jones &Gerber, 2001; Klontz, Babgaleh, Fein, &Levy, 1995; Williamson, Gravani, & 
Lawless, 1992; Woodburn &Raab, 1999) associated with food handling. However, little 
research about students' awareness of foodborne illness sources or perceptions about food 
safety is available. With the increase in the number of high school students working in jobs 
that require handling food (Bureau of Labor Statistics [BLS], 2000), it is important to begin 
measuring their food safety practices and perceptions. This information would benefit 
educational material and program development and implementation. 
Purpose of Research 
The goal of this study was to determine Iowa high school students' knowledge and 
perceptions of food safety. Specific objectives include the following points: 
1. measure awareness of foodborne illness sources; 
2. assess perceptions of food safety; 
3. assess differences in food safety attitudes associated with home, restaurants, and 
school; 
4. determine perceived risk of foodborne illness from various food products; and 
5. determine demographic, education, and employment influences on self-reported 
food safety knowledge level, perceived frequency of foodborne illness, and 
concern about illness from food products. 
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Significance of the Study 
Data about students' knowledge and perceptions of food safety will fill a void in 
current food safety literature. This study of how students view food safety will provide a 
benchmark for future research involving students and serves as support for future research 
involving teenage consumers. The findings of this study also provide background for 
developing educational materials and programs targeted toward high school students. 
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CHAPTER 2. LITERATURE REVIEW 
The review of literature explains the significance of foodborne illness as a result of 
foodborne pathogens and why proper food handling practices, coupled with adequate food 
safety knowledge, is key to helping reduce foodborne illness. In addition, this review will 
show a need for additional research focused on high school students' food safety knowledge, 
attitudes, and perceptions. 
There are numerous potential foodborne hazards of interest. Of all the potential 
hazards, foodborne illness from microbiological contamination is receiving increased 
attention from policymakers, academia, industry, consumers, and the media. Each year, 
foodborne illness caused by five pathogens (all serotypes of Campylobacter, nontyphoidal 
serotypes of Salmonella, E. coli Ol 57 and non-O 157 STEC, and Listeria) costs $6.9 billion 
(Economic Research Service [ERS], 2000b). 
Significant resources have been directed to research in an attempt to understand 
knowledge, attitudes, perceptions, and practices of consumers. However, most of the 
consumer research focuses on adult consumers 18 years of age and older. High school 
students are becoming more involved in food handling and preparation, especially through 
their employment (BLS, 2000). It is becoming more necessary to educate them about food 
safety and proper food handling, which requires an understanding of their current food safety 
knowledge and perceptions. 
Because a large number of high school students work in jobs that involve handling 
food, more studies are needed to determine students' attitudes and knowledge regarding food 
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safety issues. These studies are necessary to develop teenage-focused educational programs 
because consumer food safety is a concern in the United States (Food and Drug 
Administration [FDA], 2000). 
The Prevalence and Burden of Foodborne Illness 
Bacteria, viruses, and parasites cause foodborne illness that is associated with 
microbial contamination. An estimated 76 million cases of illness, 325,000 hospitalizations, 
and 5,000 deaths caused by foodborne disease occur annually (Mead et al., 1999). These 
figures are extrapolated from a significant list of health, hospitalization, and fatality reporting 
and monitoring systems. 
These estimates by Mead were calculated from available data sources, but Mead et al. 
(1999) separated illness estimates into two categories—known and unknown sources. The 
known-source cases were calculated using reported cases and factored for underreporting, 
whereas the unknown-source cases were calculated with symptom-related data from reported 
sources (Mead et al., 1999). 
The United States Department of Agriculture (USDA) and Food and Drug 
Administration (FDA) are conducting risk analyses for several of the most common and the 
most hazardous foodborne pathogens known to be present in the United States food supply. 
Using the structure summarized by Buchanan (1998), the federal risk analyses are estimating 
the relative risk to public health from Listeria in selected categories of ready-to-eat foods and 
Salmonella enteritidis in shell eggs and egg products. 
Listeria monocytogenes 
A 1999 report by the Centers for Disease Control and Prevention (CDC) showed that 
Listeria had the second highest fatality rate (20%) and highest hospitalization rate (90%) of 
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all foodborne pathogens (Food Safety and Inspection Service [PSIS], 2001). A 50% 
reduction in listeriosis incidence occurred in the 1990s. However, changes in food 
preparation, distribution, and consumption patterns have not allowed further pathogen 
reduction because of unique challenges associated with controlling Listeria (PSIS, 200 I ). 
The ability of Listeria to survive and reproduce at refrigeration temperatures and tolerate 
increased salt content, combined with the increased consumption of ready-to-eat foods that 
are typically stored at refrigeration temperatures, creates a greater chance of consumers 
becoming ill from Listeria (PSIS, 2001). 
Listeria is capable of producing two types of illness. The first has flu-like symptoms 
and is referred to as listerial gastroenteritis. The second type, often severe and sometimes 
life threatening, is called listeriosis. The risk assessment conducted by the FDA Center for 
Food Safety and Applied Nutrition (CFSAN), the USDA Food Safety and Inspection Service 
(PSIS), and CDC focused only on listeriosis (PSIS, 2001). 
Age and health conditions can affect consumers' susceptibility to contracting a 
foodborne illness (USDA, 1997). The PSIS identified three different population groups 
using FoodNet data for use in the Listeria risk assessment. These populations included the 
following: 
1. Perinatal —Fetuses and neonates from 16 weeks after fertilization to 30 days 
postpartum. 
2. Elderly -- Individuals 60 years of age and older. 
3. Intermediate-age group —The remaining population. Data were not available to 
divide into additional subgroups. Most cases of listeriosis in this category occurred in 
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individuals at high risk, such as AIDS patients or people taking drugs that suppress 
immune systems . 
Five general food categories were divided into 20 subcategories in the assessment. 
Three of the meat subcategories (frankfurters, dry/semi-dry fermented sausages, and deli 
meats) are of importance to this study because high school students commonly consumed 
these products. 
The assessment found that listeriosis is a moderately rare but severe disease. U.S. 
consumers are exposed to Listeria regularly, but the chance of getting listeriosis is very 
small. 
One part of the Listeria risk assessment estimated the number of servings of a food 
product that needed to be consumed to result in one case of listeriosis. The results for the 
meat products are summarized in Table 1 where a smaller number of servings equilibrates to 
a greater likelihood of listeriosis. Deli meats were the most common meat product to cause 
listeriosis, followed by dry/semi-dry fermented sausages, and frankfurters. The model 
assumed that 1 % to 14% of frankfurters were consumed without reheating and the rest were 
adequately reheated. 
Table 1. Number of servings of meat products to result in one case of listeriosis 
Population Category 
Perinatal Elderly Intermediate 
Frankfurters 333,333 20,000,000 169,491,525 
Dry/Semi-dry fermented sausages 1,785,714 119,047,619 1,234,567,901 
Deli meats 76,923 4,545,455 38,461,538 
FSIS, 2001 
8 
Of all the 20 food subcategories, frankfurters ranked 7, 8, and 8, respectively for 
perinatal, elderly, and intermediate groups for predicted relative risk of listeriosis (on a per 
serving basis) (FSIS, 2001). Food categories that ranked higher included fresh soft cheeses, 
meat spreads, smoked seafood, deli meats, cooked ready-to-eat crustaceans, and preserved 
fish. 
If all of the 6.5 x 109 servings were not reheated, frankfurters would be ranked 1, 2, 
and 2, respectively for perinatal, elderly, and intermediate groups. Assuming all frankfurter 
servings were reheated adequately, they would rank 15 for all three of the population groups 
(FSIS, 2001). This demonstrates the need for proper reheating of frankfurters prior to 
consumption to reduce risk of listeriosis. 
An estimated 1.8 x 109 servings of dry/semi-dry fermented sausages are consumed 
annually. The per-serving relative risk ranking for dry/semi-dry sausage was 13, 12, and 12 
(perinatal, elderly, and intermediate, respectively) (FSIS, 2001). 
Although the cooking process involved in producing the 2.1 x 101 ° servings of deli 
meats per year are assumed to kill all Wisteria, 2.8% of samples were contaminated. This 
contamination often is associated with recontamination from post-cook stage processing or 
handling, most likely slicing (FSIS, 2001). Deli meats ranked fourth in relative risk ranking 
of listeriosis for all three populations. Deli meats typically are sold in two forms, either 
sliced at the production facility and individually packaged for consumer purchase, or sold in 
bulk and sliced at retail locations. A lack of data did not allow for modeling of the separate 
sales methods (FSIS, 2001). 
Because of the risk of listeriosis, new materials and methods of distributing 
information to consumers about refrigerated-product storage and shelf-life safety are needed 
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(FSIS, 2001). Increased awareness of safe and proper refrigerated food storage and 
preparation is needed as more consumers move from food prepared and cooked at home or in 
restaurants to prepared foods stored in refrigerator conditions. 
Consumers and even foodservice may "get by" with slight abuses of cooling 
temperatures, storage times, and preparation methods prior to cooking uncooked products 
because if cooked properly, most foodborne pathogens will be killed. However, abusing 
cooling temperatures and storage times with already cooked foods can lead to serious 
consequences because there is no cook step to kill pathogens. 
Salmonella enteritidis 
Salmonella enteritidis is a serotype of Salmonella enterica that can be found in 
poultry production facilities, poultry products, and shell eggs. Of the estimated 46.8 billion 
shell eggs produced each year in the United States, approximately 2.3 million (.005%) 
contain Salmonella (FSIS, 1998). However, as these eggs proceed through production, 
processing, transportation, and distribution channels, the number of servings infected with 
Salmonella may increase. Approximately 10.1 million servings of food are prepared 
annually with infected eggs. The analysis estimates that one infected egg could expose as 
many as four people to Salmonella (FSIS, 1998). However, 7.676 million servings of food 
do not contain any Salmonella when consumed (FSIS, 1998). 
An increase in foodborne illness cases related to egg consumption caused the FSIS to 
start a risk assessment of shell eggs and egg products in 1996. Based on this assessment, the 
risk of human illness from salmonellosis resulting from shell egg or egg product 
consumption is estimated. Utilizing five segments in the model (egg production, shell egg, 
egg products, preparation and consumption, and public health), FSIS estimated more than 
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504,082 cases of human illness result from Salmonella infection per year. Mitigation 
elasticity was used to understand how changing one or more variables of the assessment 
model may affect the number of salmonellosis illness cases. Variables throughout 
production and processing were reduced by 25% to determine if any positive or negative 
effects on human illness occurred (FSIS, 1998). Unfortunately, no variables showed a 
complete return (25%reduction of illness), but combining some mitigation factors produced 
a mitigation elasticity value greater than the individual effects (FSIS, 1998). In essence, the 
sum of the parts was greater than the whole, which demonstrates that efforts among multiple 
segments of egg production and processing will have the greatest impact on reducing cases of 
Salmonella illness. 
The shell egg processing and distribution module of the Salmonella risk assessment 
tested two practices for their effectiveness at reducing total human illness. The first practice 
tested was cooling eggs immediately after lay to an internal temperature of 45 °F, which 
reduced illness by 12% (FSIS, 1998). The second practice tested was to maintain the 
processing and distribution air temperature at 45°F, which reduced illness by 8% (FSIS, 
1998). FSIS did not report whether combining these two practices into current production, 
processing, and distribution systems would have a neutralizing, additive, or synergistic effect 
on total human illness. 
In the public health module of the Salmonella risk assessment, FSIS simulated the 
incidence of reactive arthritis, which can be a long-term effect of Salmonella infection. The 
analysis showed about 5- to 10-fold more cases of reactive arthritis than hospitalizations 
(FSIS, 1998). There may be more of a long-term impact from Salmonella infections than 
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originally estimated. It is rare that consumers would associate arthritis with a previous case 
of gastroenteritis. 
For the public health estimate in the Salmonella risk assessment, FSIS assumed a 
population of 100,000 people, each consuming 1,000 Salmonella bacteria (a 100% exposure). 
At this exposure level, 82% of the susceptible population (elderly, pregnant women, infants 
and children, and immune-compromised individuals) would become ill. Of those becoming 
ill, 92.8% would recover without visiting a doctor and another 6.3%would recover without 
hospitalization after visiting a physician (FSIS, 1998). For the normal population, 65% of 
exposed consumers would become ill and 94.8% of those ill would recover without visiting a 
physician. Another 4.9% would visit a doctor and recover without hospitalization (FSIS, 
1998). 
The chance of becoming ill from Salmonella exposure is high, as demonstrated in the 
Salmonella risk assessment. Recovery without medical intervention, even for susceptible 
consumers, is very likely, which is very different than for some other infections, such as 
listeriosis. The difference in illness risk and outcome severity makes it even more critical 
that consumers understand the differences of various foodborne pathogens. 
Regardless of how thorough surveillance and monitoring systems become, there will 
always be a certain number of illnesses that cannot be diagnosed because they are caused by 
unidentified pathogens and agents (Mead et al., 1999). At least four pathogens of concern 
today (Campylobacter jejuni, E. coli O157:H7, Listeria, and Cyclospora cayetanensis) were 
not identified as foodborne illness causes twenty years ago. 
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The Cost of Foodborne Illness 
Cost-of-illness analyses, contingent valuation, and experimental auction techniques 
are three methods of calculating the annual costs of foodborne illness in the United States 
(Buzby, Fox, Ready, &Crutchfield, 1998). Using "cost-of-illness values" and "value of a 
premature death" in their cost-of-illness analyses for seven pathogens found on meat and 
poultry, Buzby et al. (1998) calculated the foodborne illness costs (in 1996 dollars) to be 
between $6.6 and $14.5 billion (using the human capital approach) or between $19.6 and 
$37.1 billion (using the labor market approach). The cost resulting from foodborne illness 
was estimated at $6.9 billion in 2000 (ERS, 2000b). 
The human capital approach of Buzby et al. (1998) includes medical costs, costs of 
lost productivity, and costs of premature death (between $15,000 and $2,037,000, depending 
on age). The labor market approach estimates the value of a premature death at $5 million, 
which is why the cost of illness estimations are substantially greater than the human capital 
approach estimates. These values are a great underestimation of total annual costs in the 
United States resulting from foodborne illness because their analyses only included seven 
pathogens (Buzby et al., 1998). Mead et al. (1999) identified 28 pathogens that contribute to 
foodborne illness. 
Perceived Risk and Prevalence of Foodborne Illness 
Perception is an attitude or understanding based on what is observed or thought. 
Perceived risk is not mathematically or statistically determined, but rather emotionally and 
anecdotally generated by consumers or those subject to outcomes of the risk; it is the level of 
risk consumers believe exists instead of that actually present. Interaction with friends and 
family, visiting medical professionals, reading magazines and newspapers, watching 
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television, and first-hand experiences can change consumers' perceptions about food safety 
(Woodburn &Raab, 1997). 
Food-safety related behaviors that consumers believe to be risky could be different 
than behaviors that may have the greatest risk, or chance, of causing illness or worse. Even 
though numerous studies and governmental agencies report that elderly are more susceptible 
to foodborne illness than younger, healthy consumers (FSIS, 2001; FSIS, 1998; Mead et al., 
1999; USDA, 1997), three times as many consumers age 18 to 3 9 said they experienced a 
foodborne illness within the last year compared to respondents 60 years and older (Fein, et 
al., 1995). 
Fein et al. (1995) showed that consumers who said they experienced a foodborne 
illness (n=387) within the last year included 44% who believed microorganisms were a 
serious problem in food. Another 42% stated food poisoning was very common, and 45% 
said general food safety was a serious problem. In contrast, consumers not having 
experienced a foodborne illness within the last year (n=1,233), 34% said microorganisms 
were a serious problem, 32% indicated that general food safety was a serious problem, and 
28% felt that food poisoning was very common (Fein et al., 1995). Consumers who 
experienced a foodborne illness recently believed food safety and microorganism 
contamination was more of a problem than those not experiencing foodborne illness (Fein et 
al., 1995). 
If the percentage of consumers believing they became ill from food increases when 
illness is not confirmed, then consumer confidence in the U.S. food supply may decrease 
because of falsely perceived incidence of illness. A misperception of foodborne illness 
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origin or severity results in less motivation for consumers to change their food handling 
practices (Bruhn &Schutz, 1999). 
Consumers have a tendency to overestimate certain risks, typically of low probability 
and severe consequences, while underestimating other risks (Sparks &Shepherd, 1994). 
These researchers use the term overoptimistic bias, which is associated with "the tendency 
for people to underestimate their personal susceptibility to risks in relation to other people's 
susceptibility to those risks" (Sparks &Shepherd, 1994). 
Consumers in the United Kingdom believe their personal risk from bacterial 
contamination of food is lower than that of most people (Sparks &Shepherd, 1994). 
Although this was an empirical study, Sparks and Shepherd (1994) suggested that optimism 
usually is present for hazards over which consumers perceive themselves to have more 
control. 
Origins of Foodborne Illness 
Understanding the severity of foodborne illness in the United States is contingent 
upon knowing, or being able to estimate, how much foodborne illness occurs each year. To 
control or reduce foodborne illnesses, methods and sources of infection/intoxication and 
critical areas for prevention must be known. 
Sources of foodborne illness are divided into two main areas of study food 
consumed in the home and food consumed outside the home. The increased demand for 
prepared foods and home meal solutions makes it hard to distinguish between these two 
locations of food preparation. Thus, for most studies, food consumed at home only includes 
food that is cooked at home or stored and then cooked (such as leftovers). Food prepared 
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elsewhere but brought home for consumption remains in the "prepared outside the home" 
category. 
Using the 1999 Food Code as a reference, Daniels et al. (2001) evaluated households 
on the number of major food handling violations (contributing to foodborne illness) and 
critical food handling violations (directly causing foodborne illness). Of the 115 participants, 
75% (total number not reported) had at least one critical violation, with a range from 1 to 6. 
The occurrence of critical violations decreased from 96% in 1997 but remained higher than 
the 69% in a 1999 study (Daniels et al., 2001). Daniels et al. (2001) attributed the minimal 
change from 1999 to 2001 to a reduction in negative coverage of food safety by the media. 
Media were identified as one of consumers' sources of food safety information (Daniels et 
al., 2001). 
The five most commonly observed critical violations were neglected handwashing 
(29%), improper food preparation techniques (26%), cross contamination (25%), improper 
cooling of leftovers (24%), and final internal cooking temperatures that were too low (16%) 
(Daniels et al., 2001). The in-home observations by Daniels et al. (2001) support the self- 
reported data of Williamson et al., (1992), Albrecht (1995), Klontz et al. (1995), Bruhn and 
Schutz (1999), and Shiferaw et al. (2000). 
In agreement with Daniels et al. (2001), consumers in another study believed 
mishandling/improper handling/poor sanitation was the leading source of foodborne illness 
(27%) and improperly cooked food was the third most common source (18%) (FMI, 2000). 
However, spoiled expired food was believed to be the second most common source (19%) 
instead of cross contamination (FMI, 2000). 
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To draw a comparison between in-home and outside-the-home food preparation 
practices, Daniels et al. (2001) re-categorized data from the in-home evaluations into five 
general areas {cooking temperatures, cross contamination, personal hygiene, chemical 
storage, and time/temperature ingredient holding) and compared the results of the 2000 home 
food safety study to information reported in the FDA Retail Food Program Database of 
Foodborne Illness Risk Factors —FDA Baseline. The FDA Baseline evaluated restaurant 
facilities for general compliance to the Food Code (FDA, 2000). 
Though no level of statistical accuracy was reported, food safety practices in homes 
were no better or worse than in restaurants (Daniels et al., 2001). The only category that 
appeared to be different was improper holding time/temperatures, where homes had fewer 
violations than restaurants. 
Although options other than restaurants and home were available, 27% (total number 
not reported) of consumers said food safety problems were most likely to occur at a 
restaurant and 14% (total number not reported) said problems would occur at home (FMI, 
2000). Only food processors/manufacturers ranked higher than restaurants and homes (27%, 
total number not reported) by consumers on the list of locations where perceived food safety 
problems would occur. Nearly one-third (32%, total number not reported) of consumers 
believed it was either fairly or very common to become sick due to food prepared at home 
(FMI, 2000). 
Pathogen Identification and Awareness 
An understanding of foodborne illness causes can help consumers purchase, store, 
prepare, and serve safer foods. Knowledge of the most common foodborne pathogens, the 
most dangerous foodborne pathogens, and food products with which these pathogens are 
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associated allows consumers to make more educated food safety decisions. Contradicting 
information regarding consumers' awareness or knowledge of specific foodborne pathogens 
has been reported. 
Mead et al. (1999) reported foodborne pathogen prevalence. The five most common 
foodborne illness-causing pathogens were Norwalk-like .viruses (66.6%), Campylobacter 
spp. (14.2%), Salmonella (nontyphoidal) (9.7%), Clostridium perfringens (1.8%), and 
Giardia lamblia (1.4%) (Mead et al., 1999). For meat products specifically, E. coli O 157:H7 
is the most common foodborne pathogen found for ground beef; Listeria for processed meat 
products or ready-to-eat products; Campylobacter for poultry; and Salmonella for pork 
(Buzby, 2000). 
In studies published before Mead's report, consumers were most familiar with 
Salmonella (80.2%), botulism (74.8%), trichinosis (40.8%), and hepatitis (39.3%) (Altekruse, 
Street, Fein, &Levy, 1996). According to Mead et al. (1999), Salmonella is the only one of 
these four pathogens that causes foodborne illness (9.7%) (Mead et al., 1999). 
The four most commonly perceived foodborne-illness causing pathogens identified 
by Tennessee health workers were Salmonella (90%), E. coli (56%), Staphylococcus (36%}, 
and Shigella (32%) (Jones &Gerber, 2001). Based on Mead's data, these four pathogens 
cause only 12.9% of the U.S. foodborne illness cases. 
Some foodborne pathogens can cause relatively severe diseases. These outbreaks, 
such as the E. coli O157:H7 illnesses in the Pacific Northwest in winter 1993 and the 1994 
incident of salmonellae in nationally distributed ice cream, often are highly publicized 
(Woodburn &Raab, 1997). As a result of the publicity, perceptions of pathogen prevalence 
may be disproportionate to actual prevalence (Jones &Gerber, 2001). 
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According to Woodburn and Raab (1997), Oregon consumers were more 
knowledgeable about food handling and safety topics in early 1996 than reported by 
Altekruse et al. (1996) and Fein et al. (1995). Nearly all (97%) respondents were able to 
provide at least one example of food considered high risk for food poisoning. Meats, poultry, 
fish, eggs, milk, and/or salads were identified by 88% of respondents (Woodburn &Raab, 
1997). 
Ninety percent of Oregon consumers correctly identified at least one food source 
associated with Salmonella and 87% were able to identify a food source for E. coli. 
However, only 7% of respondents had heard of Campylobacter, even though it has been 
associated with Oregon outbreaks from raw milk and national outbreaks from poultry 
(Woodburn &Raab, 1997). 
Consumer Food Safety Knowledge and Food Safety Practices 
Some of the most common consumer food handling and preparation errors are 
improper cooking and storage temperatures, mishandling leftovers, and cross-contamination 
of preparation utensils and surfaces (Albrecht, 1995; Bruhn &Schutz, 1999; Klontz et al., 
1995; Medeiros, Kendall, Hillers, Chen, & DiMascola, 2001; Shiferaw et al., 2000; 
Williamson et al., 1992). To make any improvements in consumer practices through 
education, it must first be determined if consumers are mishandling food consciously or if 
there is a lack of proper food safety knowledge. 
One area of concern is whether or not consumers are aware of food safety risks, but 
do not change their consumption, preparation, or buying practices as a result of these risks. 
Consumers are now more confident in the food supply and are more knowledgeable about 
food safety than previously reported, but they still practice unsafe behaviors (PR/HACCP 
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Rule Evaluation Report, 2001). Approximately 70% of California consumers are somewhat 
or very confident in meat and poultry safety, yet 22% are unsure of how to control bacterial 
risks (Bruhn &Schutz, 1999). 
Cross contamination is an in-home food contamination source thought to be 
frequently committed by consumers and often is studied by measuring how consumers 
prepare raw meat. In 1992, 44% of consumers correctly associated Salmonella with raw 
poultry and would properly wash knives and cutting boards with soap and water after 
preparing raw meat. Another 10% did not associate Salmonella with raw poultry but cleaned 
preparation equipment properly, 30% correctly identified Salmonella with raw poultry but 
would only rinse the knife and cutting board with water, and 16% were not familiar with 
Salmonella or proper cleaning procedures (Williamson et al., 1992). These researchers 
showed there is either a lack of knowledge or little concern for the association of raw meat, 
cross contamination, and proper preparation practices. 
Consumption of high-risk foods also has been evaluated in several states and is 
considered a common source of foodborne illness. Leaving a fully cooked chicken at room 
temperature for three hours was correctly considered a food safety risk by 75% of Nebraska 
consumers, but only 51 %would choose not to consume chicken stored at room temperature 
for that same length of time (Albrecht, 1995). 
A majority of adult consumers in five select foodborne illness surveillance states are 
aware of common food safety messages, but still consume high-risk foods or prepare foods 
using unsafe practices (Shiferaw et al., 2000). High-risk food consumption levels within the 
five days preceding the survey varied by state, but on average, included raw milk (1.5%), raw 
shellfish (1.9%), runny eggs (19%), alfalfa sprouts (7.6%), and undercooked ground beef 
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(10%). Survey measurement of unsafe handling practices was limited to washing of hands 
and cutting surfaces after preparing raw poultry (Shiferaw et al., 2000). Frequently abused 
food handling practices include final internal cooking and hot food holding temperatures that 
are too low, cooling that is too slow, and reheating of leftovers that is inadequate (Albrecht, 
1995; Bruhn &Schutz, 1999; and Williamson et al., 1992). 
There is evidence that consumers are concerned with the safety of food, but do not 
appropriately alter their purchasing habits. More than 80% of Nebraska consumers (total 
number not reported) were concerned about biological contaminants and physical hazards in 
food, but only 24% have refrained from purchasing or preparing any foods because of 
adverse comments in the news (Albrecht, 1995). 
The gap between concern about food safety and purchasing habits demonstrated by 
Albrecht also was shown by Rnmal, Fletcher, McWatters, Misra, and Deodhar (2001), but 
was not as severe. Bacterial contamination was considered a serious problem in food by 
49.8% of Georgia consumers, fourth behind pesticide residues (54.2%), growth hormones 
(51.6%), and animal drug residues (50.7%). Only 32.2% of consumers would make a serious 
change in purchasing and consumption practices based on the risk of bacterial contamination 
(Rnmal et al., 2001). Bacterial contamination was of greater concern to California consumers 
than five other food safety issues (food irradiation to reduce spoilage, lead in dishes or 
dinnerware, mercury or aluminum, and pesticide residues) (Bruhn &Schutz, 1999). 
Whether caused by a lack of knowledge or false sense of control, consumer attitudes 
vary considerably with the consumer segment being studied. Klontz et al. (1995) offer a 
possible explanation for why consumers ignore what they know is proper and continue their 
risky food safety practices. 
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Alternatively, they may be aware of the risks but choose nevertheless to continue 
such behaviors, perhaps believing that the risks are outweighed by the culinary 
experience or that they have sufficient knowledge to control the degree of risk 
(Klontz et al., p. 929, 1995). 
High-Risk Behavior Demographics 
High-risk food safety behavior occurs most commonly among younger consumers, 
males, and consumers educated beyond the high school level (Altekruse, Yang, Timbo, & 
Angulo, 1999; Klontz et al., 1995; Shiferaw et al, 2000; Unklesbay, Sneed, & Toma, 1998). 
Shiferaw et al. (2000) reported that adults 18 to 25 years of age prepared a median of four 
meals per week. This lack of food preparation may result in less attention to food safety 
issues, resulting in higher-risk food-safety behaviors for this age group (Shiferaw et al., 
2000) . 
Data from 1999 show risky food-handling and food-preparation behaviors are related 
negatively with age, positively with education, and are higher for males than females 
(Altekruse et al., 1999). Altekruse et al. (1999) also reported risky behaviors increase with 
socioeconomic status. Consumers with a higher socioeconomic status spend less time in the 
kitchen preparing food, resulting in less knowledge of safe food handling and food- 
consumption practices. 
Female college-age consumers have better food safety practices than their male 
counterparts (Unklesbay et al., 1998). In contrast, there was no significant difference in food 
safety knowledge between male and female consumers when both groups had enrolled in a 
food safety class. According to Unklesbay et al. (1998), 21% of males had enrolled in a food 
safety course. Even though Unklesbay et al. (1998) attempted to obtain a sample with 
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diverse college majors, 40.6% were in human and environmental sciences, dietetics, or food 
science, nutrition, or health. 
Pregnant women, infants, and children are at a higher risk for contracting foodborne 
illness than other population groups (USDA, 1997). Most parents are between ages 18 and 
39 and this age group reported a higher rate of raw egg consumption, which suggests a large 
number of children also may be exposed to foods more frequently prepared with high-risk 
handling practices (Klontz et al., 1995). 
Self-reporting via telephone or written surveys is the most economical method of 
collecting data on consumer practices, knowledge, and attitudes. However, self-reported data 
may not be an accurate representation of the topic being studied because of several factors. 
The timeframe in which consumers are asked to recall actions, how questions are worded, 
and the survey format all can influence responses. Another problem with self-reported data 
is respondents providing what they think is the expected or correct answer, not the true 
representation of their behavior (Shiferaw et al., 2000). Even if the self-reported data are an 
underestimation of actual practices, there is still evidence of a high prevalence of risky 
behaviors occurring (Altekruse et al., 1999). 
Alternative methods may include focus groups or observational studies, but both 
methods are more expensive for the data collected and provide mostly qualified data, which 
is difficult to analyze accurately. 
Summary 
There is still much work to do in educating consumers about proper food handling 
and food safety practices, but education alone will not change consumers' behaviors. 
Consumers' attitudes and beliefs, not just their knowledge, must shift so that both 
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unintentional and intentional neglect of food safety will improve. A change in perceptions 
also will focus academic, regulatory, media, and consumer attention on food safety hazards 
that pose a less severe but more frequent risk to consumers, not just those yielding sporadic 
occurrences with drastic outcomes. 
Student consumers will have a significant role in future attitudes toward food safety 
in the United States. With males and younger consumers becoming more involved in food 
shopping and preparation roles, it is important that their knowledge, perceptions, and habits 
improve. 
Recent research on consumer perceptions has included American consumers 18 years 
of age and older. Attitudes of high school students, who may soon be leaving the protection 
of their current home and becoming responsible for their own food purchasing and 
preparation decisions, have not been reported in the literature. The current study provides 
insight into what younger consumers think about food safety. 
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CHAPTER 3. METHODS 
This study determined Iowa high school students' knowledge and perceptions of food 
safety. The methods section presents a description of the sample, survey instrument, parental 
consent, pilot testing, data collection, and data analysis. 
Sample 
An early challenge to completing this study was determining an appropriate method 
of reaching Iowa high school students. Because time and resources were limited, it was not 
feasible for the researcher to travel to high schools to administer surveys. It was decided that 
teachers would be utilized as on-site administrators. Biology teachers were selected because 
they may have an interest in or teach the subject of food safety and because nearly every 
school has a biology teacher. 
Seventeen schools were selected from a complete list of Iowa public high schools 
using a random number table. An equal sampling of schools from three size categories 
large (largest 16 schools based on grade 9, 10, and 11 enrollment), medium (next 64 
schools), and small (all remaining schools) was chosen to minimize influences of school 
location. Once an initial school list was developed, biology teachers from the selected 
schools were called to determine their willingness to participate. Calls were completed in 
March and April 2002 to either the biology teacher or the head of the science department at 
each school. Calls were used to identify which biology teacher from each school would 
participate (if the school had more than one biology teacher) and estimate the number of 
surveys needed for one section of biology per school. These 17 schools provided 
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approximately 400 students for the study. Response rates for mail surveys can ve~-
considerably, with ranges from 10 to 50%. It was estimated that the response rate would be 
about 75%, which would provide 300 surveys from 13 schools. 
Many of the smaller schools only had 15 to 25 students taking biology in the given 
semester, whereas the larger schools may have had more than 300 students enrolled in 
biology. Because of this enrollment variation, it was important to ensure that each school was 
equally represented in the survey sample. If a school had. less than 30 students enrolled in 
biology, all of the students were asked to participate. If more than 30 students were enrolled 
in biology at the school, only one class was surveyed to maintain a relatively equal 
representation of 20 to 30 students from each school. The teacher was chosen randomly for 
each school that had more than one biology teacher. Each teacher chose the participating 
class. 
Survey Instrument 
The survey instrument developed for this study consisted of 16 questions that focused 
on three areas —knowledge, perceptions, and demographics. Questions were developed 
based on the review of literature. The knowledge questions evaluated students' familiarity 
with foodborne pathogens by asking whether or not students had heard of specific 
microorganisms. Pathogens were chosen based on prevalence in food products. Students 
identified segments of the food production and distribution system where food safety 
problems were most likely to occur. A list of six locations was provided and students were 
able to choose all of the locations believed to be a potential source of food safety problems. 
A self-reported level of food safety knowledge was obtained from the students using a 7-
point scale with anchors of none and high. 
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Students' perceptions of food safety were determined by measuring concern about 
illness from specific food products; and by measuring perceived illness frequency, food 
safety control, and illness risk at home, restaurants, and school. Students' concern about 
getting sick from specific food products was measured for four meat products —ground beef, 
pork, poultry, and processed meats —because each of these product categories has been 
associated with one or more common foodborne pathogens. Some of these pathogens, such 
as Salmonella from pork and Campylobactey- from poultry, are more common but are less of 
a health risk to consumers than pathogens like E. col i 015 7 : H7 from ground beef and 
Listeria from processed meats. 
Perceived illness frequency was measured for consumers in general, not students 
specifically, to determine how food was handled in restaurants, at school, and at home. No 
attempt was made to determine if students' perceptions were different from others, such as 
family or friends. Food safety control and illness risk perceptions were measured for the 
.students with statements such as "How much control do you have..." and "I am at greatest 
risk..." using 7-point scales. Scale anchors for determining perceived control were no 
control and complete control. Three pairs of settings (home vs. restaurants, restaurants vs. 
school, and school vs. home) were used to determine arank-order for perceived risk at these 
three locations. Students were asked to choose one location from each pair that best 
completed the statement "I am at greatest risk of getting a foodborne illness from food I eat 
at... ". 
Age, gender, and grade in school were the only demographic variables collected from 
students. Additional descriptive information collected from the students included whether 
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they had ever been or were currently employed in a job that involved food handling, and if 
they had any previous food safety education in school. 
Parental Consent 
A majority of students who completed the survey were under 18 years old, so parental 
consent was required. The Iowa State University Human Subjects Research committee 
approved the survey instrument (Appendix A). The Human Subjects committee did not 
require a signature from each student's parent or legal guardian because information 
collected would not place the students at risk or cause discomfort. An informational letter 
was provided to all students for delivery to their parents or guardians (Appendix B). The 
letter informed parents or guardians about the survey, its purpose, and subject content. If a 
parent or legal guardian disapproved of a student's participation, the form was to be signed 
and returned to the teacher prior to survey administration. Students' completion of the 
survey provided their consent to participate. 
An informational letter also was provided to the teachers for distribution to the 
building administrator (Appendix C). The letter notified the administrators that a biology 
class in their building would be participating in the survey, the survey's purpose, and the 
intended use of the data. Administrators were asked to sign the letter and return it to the 
teacher, who returned the form with completed surveys. 
Pilot Testing 
The survey instrument was pilot tested to estimate completion time and to determine 
if any part of the instrument was unclear. A biology class at Ames High School in Ames, 
Iowa, participated in the pilot test. 
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The pilot test identified necessary revisions to the scale anchors for questions that 
measured concern. Students recommended removing the terms "no opinion", "neutral", and 
"unsure" from mid-point of the seven-point scales because at their age, the students may not 
have opinions regarding food safety. Without this mid-point anchor, the scale's end anchors 
had more meaning to students. Frequencies, means, and standard deviations were calculated 
for the pilot data to determine if there was sufficient variability in the responses. 
Data Collection 
A cover letter explaining the research project (Appendix D) accompanied the survey 
instrument (Appendix E) to collect data about Iowa high school students' knowledge and 
perceptions related to food safety. In October 2002, each participating teacher received a 
package of materials that contained surveys, consent letters, administrator notification letter, 
survey administration directions (Appendix F), and aself-addressed, postage-paid return 
envelope. Each survey was labeled with a school code prior to mailing to biology teachers. 
Surveys were administered at the beginning of the semester to minimize the influence of 
material covered in the biology class on the students' responses. 
Teachers were instructed to the send consent letters home with the students two or 
three days prior to the anticipated day of survey administration. Teachers collected signed 
consent forms prior to administering the survey. The date on which the teachers 
administered the survey was selected at their discretion, but the teachers were asked to return 
all of the materials by November 15, 2002. Reminder postcards were mailed to the non-
responding teachers on November 15, 2002, and were followed by reminder telephone calls 
on November 22, 2002. When the completed surveys were returned, each survey was 
assigned an order number for data entry. 
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Data Analysis 
All data were analyzed using SPSS version 11 for Windows. Means, standard 
deviations, and frequencies were calculated for questions as appropriate. Significance was 
determined using an alpha (a) level of 0.05 for all tests. An ANOVA table was used to 
compare means. A Bonferroni post hoc test was used to determine which means were 
different when the ANOVA indicated a difference among means. 
The general linear model was used to determine influences on self-reported 
knowledge level, perceived likelihood of contracting a foodborne illness, and concern for 
illness from food products. Factors that were reported by one of two choices, such as 
previous food safety education, foodservice employment, or gender, were entered into the 
regression model as categorical variables. All other variables were entered as continuous. 
Three separate binomial tests based on normal approximation were used to determine 
if a difference was present for the perceived risk of illness at home versus school, school 
versus restaurants, and restaurants versus home. To achieve an a level of 0.05 for the overall 
ranking of the three locations, an a of 0.05/3 (or 0.017) was used for each of the three 
separate binomial tests. 
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CHAPTER 4. RESULTS AND DISCUSSION 
Sample 
Surveys were sent to 17 Iowa high school biology teachers in October 2002. Twelve 
schools returned completed surveys. A total of 289 surveys were received from the 12 
schools and used for analysis. Demographic characteristics of the sample are presented in 
Table 2. 
Table 2. Demographic characteristics of Iowa high school students participating in the study 
(N=289) 
Characteristic No. 
Age 
14 5 1.7 
15 125 43.3 
16 87 30.1 
17 56 19.4 
18 13 4.5 
Grade 
Freshman 6 2.1 
Sophomore 199 68.9 
Junior 29 10.0 
Senior 54 18.7 
Gender 
Male 13 5 46.7 
Female 153 52.9 
Participant ages ranged from 14 to 18. The average age was 15.8 with the highest 
number (125) being 15. All four of the traditional high school grades, freshman through 
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senior, were represented in the sample. A sample skewed toward sophomores (ages 15 and 
16) was expected because of how the state high school curriculum is designed. However, it 
was not anticipated that seniors would represent such a large percentage of the sample. Two 
of the 12 schools contributed 72.2% (n=39) of the seniors, which may indicate these were 
advanced biology classes. The sample was almost equally divided between male (47%) and 
female (5 3 %) students . 
The mean reported knowledge level was 3.9±1.2 (N=288). Of the students surveyed, 
62% (n=180) had some food safety education in school and 32% (n=93) previously worked 
or were currently working in a job that involved preparing or handling food. 
A general linear model was used to determine if age, gender, employment in 
foodservice, or reported food safety education had an effect on the self-reported food safety 
knowledge score. Foodservice employment was the only factor that had an effect on 
knowledge. Students with foodservice experience reported being more knowledgeable about 
food safety than students without any foodservice experience. 
Foodborne Illness Sources 
Students identified segments of the food industry they thought might be a source of 
food safety problems (Table 3). More than 75% of the students said food 
processors/manufacturing. plants are the most common location for problems to occur. 
Restaurants were second most common with 64.4%, followed by transportation (5 8.1 %). 
The locations students thought were least likely to cause food safety problems were the farm 
(38.4%) and home (40.5%). These results are somewhat consistent with those reported by 
FMI (2000) in that food manufacturers/processors were the most commonly identified 
location, followed by restaurants. However, students in this study selected these two 
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locations more frequently and ranked home fifth on the ordered list of likely locations for 
food safety problems compared to third in the FMI study. 
Table 3. Percentage of Iowa high school students identifying locations where food safety 
problems are most likely to occur (N=289) 
Location No. 
Food processors/manufacturing plants 219 75.8 
Restaurants 186 64.4 
Transportation 168 58.1 
Supermarkets 13 6 47.1 
Home 117 40.5 
Farm 111 38.4 
Note: Column totals more than 100% because students could select more than one location. 
A small portion of the students (5.5%) chose other and wrote in an additional 
location. The most common other location identified by students was school (3.8%, n=11). 
Because the target population for this survey was high school students, school should have 
been included in the list of locations. 
Students were presented a list of seven foodborne pathogens and asked to identify 
pathogens with which they were familiar (Table 4). The most commonly known pathogen 
was Salmonella (90.7%), followed by E. coli O157:H7 (88.9%), and Hepatitis A (83.7%). 
The fourth most common pathogen was Trichinella (24.3%). It was not expected that 
Trichinella would be familiar to students because of its low prevalence in meat products. 
Clostridium (14.2%), Listeria (12.8%), and CampylobacteY (4.8%) completed the ranking, 
but were unfamiliar to most students. 
33 
Table 4. Percentage of Iowa high school students who were aware of common foodborne 
pathogens (N=288) 
Pathogen NO. 
Salmonella 262 90.7 
E. coli O157:H7 257 88.9 
Hepatitis A 242 83.7 
Trichinella 70 24.3 
Clostridium 41 14.2 
Listeria 37 12.8 
Campylobacter 14 4.8 
Note: Column totals more than 100% because students were asked to choose all 
that apply. 
According to Mead et al. (1999), the five most common illness-causing pathogens 
were Norwalk and Norwalk-like viruses, Campylobacter, Salmonella, Clostridium, and 
Giardia. The majority of students only were familiar with Salmonella. Recently, Listeria 
and Campylobacter have become common foodborne pathogens associated with meat 
products. Campylobacter is estimated to have caused more than 1.96 million illnesses 
annually in the United States and is found commonly on poultry products, as well as 
hamburger, pork, and eggs (Buzby, 2000). Listeria, a pathogen with a mortality rate near 
20%, is associated most with cooked, ready-to-eat meat products such as frankfurters and 
deli meats (Buzby, 2000). If this study were conducted again, Norwalk and Norwalk-like 
viruses would be included because Norwalk and Norwalk-like viruses are implicated in 
66.6% of all foodborne illnesses (Mead et al., 1999). 
Concern about becoming ill from eating certain food groups was determined. Mean 
scores for each food group evaluated are reported in Table 5. The four meat products 
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received the highest concern score, which was similar to eggs, followed by raw vegetables, 
fruits, and baked goods. However, all of the mean concern scores were low. 
Table 5. High school students' concern about foodborne illness from specific food products 
Food product Mean scorea SD 
Processed meats 3.2a 1.8 
Ground beef 3.2a 1.6 
Poultry 3.1a 1.6 
Pork 3.Oa 1.7 
Eggs 3.Oa 1.7 
Raw vegetables 2.1 b 1.4 
Fresh fruits 1.9b 1.4 
Baked goods 1.9b 1.3 
Note: Means with different subscripts were significant at P<.05. 
a Concern was ranked on a 7-point scale with 1 =Not at all concerned and 7 = 
Very concerned 
Analysis of variance performed on the four meat product scores showed no difference 
among scores. There also was no difference between fresh fruits and raw vegetables. 
Because no difference was present among the meat products or the fruits and vegetables, 
each student's four meat product responses were averaged to provide a mean score for meat. 
An average of the fruits and raw vegetables scores was calculated in the same manner. 
Analysis of variance on meat, eggs, fruits/vegetables, and baked goods scores showed 
no difference between the mean scores for meat and eggs, or between fruits/vegetables and 
baked goods. Students were more concerned about becoming ill from eating meats and eggs 
than from eating fruits/vegetables or baked goods. Males were less concerned about getting 
ill from eating meat products than females. As self-reported food safety knowledge 
increased, so did the concern about illness from meat products. 
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Results of pathogen awareness and specific product concern were not consistent. 
Campylobacter, the second most common cause of foodborne illness, is the most common 
pathogen found in meat products, specifically poultry, and the least known by students. 
Wisteria, one of the most common pathogens isolated from processed meat products, was the 
pathogen with which students were second least familiar. E. coli 0157:H7, the second most 
familiar of the pathogens, is becoming more prevalent in foodborne illness cases associated 
with raw vegetables and melons. 
Perceptions of Food Safety at Home, Restaurants, and School 
Students believe they have the most control over the safety of food eaten at home and 
food eaten at home is believed to be the least likely to cause illness (Table 6). Students 
believe it is less common for food handled at school to cause illness than food handled in 
restaurants, but they feel they have more control over the safety of restaurant food compared 
to school food. Responses related to the perceived level of control appear appropriate for the 
setting as .consumers have a greater impact on food safety in the home than in restaurants 
through greater food handling responsibility. Students can make more decisions about the 
food they eat in restaurants than the food they eat at school, which may influence their 
perceptions about control over food safety. 
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Table 6. Importance of location on Iowa high school students' perceptions of food safety 
Sickness from food handling Control over food safety 
Mean scores SD Mean scoreb SD 
Home 4.3a 1.5 5.8a 1.1 
Restaurants 3.4b 1.3 2.7b 1.5 
School 3.9~ 1.5 2.3~ 1.3 
Note: Means within columns with different subscripts are significantly different at p<.05. 
a A 7-point scale with 1 =Very common and 7 =Very Uncommon was used for the question "How common is 
it for people to get sick because of how food was handled" 
b A 7-point scale with 1 = No control and 7 =Complete control for the question "How much control do you 
have over the safety of the food you eat" 
Using three settings of home, restaurant, and school, students were presented with 
three pairs of locations (home vs. restaurant, home vs. school, and restaurant vs. school) and 
asked to select one location from each pair where they were at greater risk of contracting a 
foodborne illness. As shown in Figure 1, home is perceived to be the least likely source of 
illness, followed by school, and then restaurants. A binomial test of proportions was 
performed for each of the three pairs and was based on the Z approximation. Each pair was 
different at a=0.05. 
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Home vs. Restaurant (n=224) 
Home 
13% 
Restaurant 
87% 
Home vs. School (n=221) 
Home 
l6% 
School 
84% 
School vs. Restaurant (n=227) 
Restaurant 
70% 
School 
30% 
Figure 1. Students' perceived risk of becoming ill from eating at home, restaurants, or 
schools 
A general linear model was used to determine if perceived control at each location, 
self-reported food safety knowledge, age, gender, prior food safety education, or foodservice 
employment affected the perceived frequency of illness from food handled in each of the 
three locations —home, restaurants, and school. The three regression equations are shown in 
Table 7. 
38 
Table 7. Regression equations to determine factors influencing high school students' 
perceived risk of foodborne illness 
Perceived risk of illness 
from food handled at 
Model 1: home = Self-reported food safety knowledge +perceived control at 
home +food service work experience +prior food safety 
education +age +gender 
Model 2: school = Self-reported food safety knowledge +perceived control at 
school +food service work experience +prior food safety 
education +age +gender 
Model 3: restaurants = Self-reported food safety knowledge +perceived control at 
restaurants +food service work experience +prior food 
safety education +age +gender 
Model 1 did not have a significant effect on perceived risk of illness from food 
handled at home. However, gender was significant (~3=.363, p=.041) in this first model. 
Model 2 was significant in effecting perceived risk of illness for food handled at school 
(p=.008) and both gender (~3=.343, p=.047) and age (~3=.295, p=.002) were significant factors 
in the model. Mode13 was a significant influence on perceived risk of illness from food 
handled in restaurants, with gender ((3=.486, p=.003) being the only significant factor in the 
model. 
Females reported that it was more common to get sick from food than males (Table 
8), which is consistent with other studies (Altekruse et al., 1999; Klontz et al., 1995; 
Shiferaw et al., 2000; Unklesbay et al., 1998). It has been reported that males are greater risk 
takers than females, resulting in lower perceived risk of illness by males than females. As 
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age increased, students said they were less likely to get sick from food handled at school, 
which may be a result of training at work, education, or personal experiences. 
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CHAPTER 5. CONCLUSIONS 
Summary of Research 
Iowa high school students are inadequately and inconsistently informed about 
foodborne illness sources. One of the most prevalent pathogens, Campylobacter, was known 
by only 4.8% of students. Listeria, one of the most deadly and increasingly common 
pathogens, was known by only 12.8% of students. In addition, nearly one fourth (24.3%) of 
students were familiar with Trichinella, which Mead et al. (1999) estimated to cause only 52 
cases of trichinosis each year. 
The order Iowa high school students placed the potential sources of food safety 
problems was similar to the order reported by consumers in the FMI (2000) study. However, 
a greater percentage of students believed these locations to be potential sources. This 
suggests Iowa students are less confident in the safety of food than adult consumers. 
Overall, students' level of concern for contracting a foodborne illness was low for all 
of the food products presented. However, food products were ordered correctly based on 
pathogen and foodborne illness outbreak prevalence associated with these foods, when 
organized by students' mean concern scores from most concerned to least concerned. The 
higher risk meat products (processed meats and ground beef) were of most concern, followed 
by poultry, pork, and eggs. Raw vegetables, fresh fruits, and baked goods were of least 
concern for causing foodborne illness. 
Students' perceptions of food safety in relation to location of food consumption — 
home, restaurants, or school —are not consistent with the safety of these locations reported in 
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previous studies, especially for home and restaurants. Students believe food prepared and 
consumed at home is the safest, followed by food from school, and then restaurants. Daniels 
et al. (2001) found no difference between home and restaurant settings in regard to number of 
food handling violations. 
Limitations 
Mead et al. (1999) reported Norwalk and Norwalk-like viruses as the leading cause of 
foodborne illness. However, these pathogens were not included in this study's list of 
pathogens used to test students' awareness, which does not provide the most accurate 
understanding of students' familiarity with prevalent foodborne illness-causing pathogens. 
Questions about frequency of illness, control of food safety, and risk of foodborne 
illness included home, school, and restaurants. But, the question that asked students to mark 
all sources of potential food safety problems throughout the food production and distribution 
system did not include school. It was apparent that school should have been included 
because 3.8% of the students (n=11) wrote in school. 
The survey instrument should have included more questions about the type, 
frequency, and focus of food safety education received by students both in and outside of 
school. This study was intended to provide information that would help develop education 
and training programs. Data collected will provide insight for content development, which 
should focus on the consequences of poor food handling practices and the potentially 
resulting foodborne illness. Little was learned about what food safety education students 
have already received, where they received it, or their preferred formats that would help with 
format selection for educational and training programs. 
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Recommendations 
Future research is needed with this audience to determine the quantity and content of 
p 
revious food safety education. To develop effective training and education materials and 
programs, a more thorough understanding of how students are receiving food safety 
information is needed so efforts are complemented, not duplicated. 
The current study shows the locations with which students are most comfortable or 
confident in eating food. Additional research focusing on why students place more 
confidence in food eaten at home than food from restaurants or school and how these factors 
influence students' food handling practices is needed. 
Additional research is necessary to determine why students' perceptions of food 
safety differ from measures of actual food safety knowledge. This study suggests that risk 
perceptions are related to control perceptions, but evidence is needed for an accurate 
determination. Understanding why students' perceptions or beliefs about food safety risks 
differ from actual risks would help in developing risk communications programs targeted at 
the teenage consumer and food handler. 
Similar to previous adult consumer research, this study indicates additional education 
is needed to increase awareness of common foodborne pathogens and dangerous foodborne 
pathogens. The results of this study serve as a guide for student food safety education and 
training program development. The data show a need for more food safety education at an 
earlier age. However, education will not reduce food safety problems alone. As shown by 
Albrecht (1995), the PR/HACCP Rule Evaluation Report (2001), and Shiferaw et al. (2000), 
consumers are more knowledgeable, but still practice unsafe behaviors. 
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It is recommended that university extension personnel work with youth programs, 
such as 4-H, to develop food safety materials that can be implemented into a variety of 
projects, not just those directly involving food handling and preparation. Frequent and 
consistent exposure to proper food safety information at an age when children are developing 
food-handling habits may be able to positively impact these habits. 
It also is recommended that effort be exerted to incorporate more food safety 
principles into high school curricula. The in-school food safety education materials should 
be developed in a manner that can easily be taught in multiple subjects to reach the maximum 
number of students multiple times. 
A final recommendation calls for state restaurant and hospitality associations to 
establish astudent-worker food safety certification program. This program would target 
additional food safety training efforts at the teenage worker through classes, and skills and 
knowledge tests. Each student certified through the program would be required to maintain 
certification by participating in food safety continuing education classes. 
APPENDIX A. HUMAN SUBJECTS APPROVAL 
44 
IOWA STATE UNIVERSITY 
OF SCIENCE AND ?ECHNOLOGY 
Human Subjects Research Office 
2207 Pearson Hall, Room 16 
Ames, IA 50011-2207 
515/294-4566 
FAX: 515/294-8000 
DATE : April 18, 2002 
TO: Jason Ellis 
FROM: Jarrell Meldrem, IRB Administrator 
RE: "Student Perceptions of Foodborne Illness From Meat" IRB ID 02-467 
TYPE OF APPLICATION: ~ ®Ne~v Project Review 
The project, "Student Perceptions of Foodborne Illness From Meat" has been approved for one year from its 
IRB approval date April 18, 2002. University policy and Federal regulations (45 CFR 46) require that ̀ all 
research involving human subjects be reviewed by the Institutional Review Board (IRB) on a continuing basis 
at intervals appropriate to the degree of risk, but at least once per year. 
Any modification of this research project must be submitted to the IRB for prior review and approval. 
Modifications include but are not limited to: changing the protocol or study procedures, changing 
investigators or sponsors (funding sources), including additional key personnel, changing the Informed 
Consent Document, an increase in the total number of subjects anticipated, or adding new materials (e.g., 
letters, advertisements, questionnaires). _ 
You must promptly report any of the following to the IItB: (1) all serious and/or unexpected adverse 
experiences involving risks to subjects or others; and (2) any other unanticipated problems involving risks to 
subjects or others . 
The PI must retain the signed consent documents for at least three years past completion of the research 
activity. If the principal investigator terminates association with the University before that time, the signed 
informed consent documents should go to the DEO to be maintained. 
You are expected to make sure that additional key personnel who are involved in human subjects research 
complete training prior to their interactions with human subjects. Web based training is available from our 
web site. 
Upon completion of the proj ect, a Proj ect Closure Form will need to be submitted to the Human Subjects 
Research Office to officially close the project. If data collection or contact with the subjects will continue 
beyond the approval date, you will need to fill you out a Continuing Review/and or Modification Form before 
the approval's expiration date. Renewal is the PI's responsibility, but as a reminder, you will receive an e-
mail or letter notifying you approximately a month in advance that the expiration date is approaching. 
Both of these forms are on the Human Subjects Research Office web site at: 
http://grants-svr.admnn.iastate.edulVPR/humansubjects.html. 
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APPENDIX B. PARENTAL CONSENT FORM 
IOWA STATE UNNERSITY 
University Extension 
October 2002 
Dear parent/guardian: 
Hotel, Restaurant and 
Institution Management 
7W Mackay Hall 
Ames, Iowa 50011-1120 
Your biology student is being asked to participate in a written survey to evaluate attitudes 
and perceptions relating to foodborne illness. The research is part of a Master's thesis project 
at Iowa State University. The data from this survey will provide a basis for future food safety 
research and education related to high school students in Iowa. 
The data collected in your student's biology class will not be linked to your student. A code 
will be used to monitor the returns of the surveys, but will not be used in data analysis or 
reporting. Once all schools have returned their surveys, these codes will be removed from the 
data and the original surveys will be destroyed. 
Students' participation is voluntary. Nonparticipation will not effect any evaluations of the 
student. If you do not want your student participating in this survey, please complete this 
form and have your student return it to the biology teacher. Please contact either one of us if 
you have questions about the survey. 
Jason Ellis Joe Sebranek, Ph.D. 
Research Associate University Professor 
515-294-7549 S 15-294-1091 
I, , do not want my student, 
Parent/guardian name 
  to participate in the food safety survey. 
Student name 
Parent/guardian signature Date 
APPENDIX C. ADMINISTRATOR FORM 
October 2002 
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One biology class in your school is being asked to participate in a written survey to evaluate 
attitudes and perceptions relating to foodborne illness. The research is part of a Master's 
thesis project at Iowa State University and the data from this survey will provide a basis for 
future food safety research and education related to high school students in Iowa. 
The data collected in the biology class will not be linked to specific students. A school code 
will be used to monitor the returns of the surveys, but will not be used in data analysis or 
reporting. Once all schools have returned their surveys, these codes will be removed from the 
data and the coding sheet will be destroyed. 
Students' participation is voluntary. Parents or legal guardians will be notified of the project 
with a consent form provided for the teacher to send home. If parents or guardians do not 
want their students participating in this survey, they should complete the form and have their 
student return it to the biology teacher. 
Iowa State University requests that building administrators be notified of my research being 
conducted in their schools and that a signed approval form be maintained on record. If you 
would, please complete this form so it can be returned with the completed questionnaires. 
Do not hesitate to call if you have any questions about the project. 
Jason Ellis 
Research Associate 
Iowa State University 
515-294-7549 
I, 
Administrator name 
Joe Sebranek, Ph.D. 
University Professor 
Iowa State University 
515-294-1091 
am aware that my school, 
School name 
participating in a food safety survey.  
Administrator signature 
is 
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APPENDIX D. SURVEY COVER LETTER 
IOWA STATE UNNERSITY 
University Fxcension 
October 2002 
Dear student: 
Hotel, Restaurant and 
Institution Management 
7W Mackay Hall 
Ames, Iowa 50011-1120 
Your biology class is being asked to participate in a written survey to measure student perceptions and 
attitudes towards foodborne illness. The information from this survey will provide background for 
additional food safety research and education in Iowa. 
None of the information collected with this survey will be linked to you personally, only your school. 
Participation is voluntary and you will not be penalized if you choose not to participate. Simply return the 
blank survey to your teacher. 
Jason Ellis 
Research Associate 
Iowa State University 
Joe Sebranek, Ph.D. 
University Professor 
Iowa State University 
APPENDIX E. SURVEY INSTRUMENT 
IOWA STATE UNIVERSITY 
uni~~ersii~~ 6ctens;on 
Iowa Student Perceptions of Foodborne Illness 
Participation is optional, so you may return the blank survey to your teacher if you do not wish to 
participate. You will not be penalized for choosing not to complete the questionnaire. 
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Instructions: 
Please complete the questionnaire by answering the following questions. When finished, return the 
completed questionnaire to your teacher. 
1. Where do you think food safety problems are most likely to occur? (Mark all that apply) 
 on the farm 
 at food processors/manufacturing plants 
 during transportation 
 in supermarkets 
 at restaurants 
 at home 
 some other place (please specify) 
2. Have you heard of the following viruses or bacteria as a source of problems in food? (circle Yes or 
No for each line) 
a. Campylobacter Yes No 
b. E. coli 0157:H7 Yes No 
c. Listeria monocytogenes Yes No 
d. Hepatitis A Yes No 
e. Salmonella Yes No 
f. Trichinosis Yes No 
g. Clostridium Yes No 
For the following questions, circle the one number that best represents your answer. 
None High
3. What is your current level of food 
safety knowledge? 1 2 3 4 5 6 7 
4. How common is it for people to get 
sick because of how food was Very Very 
handled Uncommon Common
- in their homes? 1 2 3 4 5 6 7 
- in restaurants? 1 2 3 4 5 6 7 
- at school? 1 2 3 4 5 6 7 
Proceed to the next page. 
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5. How much control do you have No Complete 
over the safety of the food you eat control control
- in your home? 1 2 3 4 5 6 7 
- in restaurants? 1 2 3 4 5 6 7 
- at school? 1 2 3 4 5 6 7 
6. How concerned are you about Not at all Very 
getting sick from eating concerned concerned
- ground beef? 1 2 3 4 5 6 7 
pork? 1 2 3 4 5 6 7 
- poultry (such as chicken and 1 2 3 4 5 6 7 
turkey)? 
- processed meats (such as hot dogs 1 2 3 4 5 6 7 
and bologna)? 
- eggs? 1 2 3 4 5 6 7 
- fresh fruits (such as melons)? 1 2 3 4 5 6 7 
- raw vegetables (such as lettuce 1 2 3 4 5 6 7 
salad and sprouts)? 
- baked goods (such as bread and 1 2 3 4 5 6 7 
cookies)? 
For each pair of choices in question 7, circle the one choice you feel best completes the statement. 
7. I am at greater risk of getting a foodborne illness from food I eat 
a. at home or at school (Choose one) 
b. at school or at a restaurant (Choose one) 
c. at a restaurant or at home (Choose one) 
Answer the following questions by writing your answer in the blank or choosing the correct answer. 
8. How many times have you prepared a meal for yourself or other family members that included meat 
within the last 7 days? 
- If you prepared meals, what meats did you prepare? 
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9. How many times have you done the grocery shopping for your family within the past 7 days? 
- How many of these times included purchasing meat products? 
10. How many meals did you eat in a restaurant within the last 7 days? 
11. How many meals did you eat at school within the last 7 days? 
12. Do you or have you had a job that involves preparing or handling food? Yes No (circle one) 
13. Have you had any food safety education in school? Yes No (circle one) 
14. How old are you? 
15. In what grade are you currently enrolled? 
 Freshman 
 Sophomore 
 Junior 
Senior 
16. Are you male or female? 
 Male 
Female 
Thank you for completing the questionnaire. 
Please return it to your teacher when finished. 
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APPENDIX F. TEACHER MATERIALS LETTER 
October XX, 2002 
<First name> <Last name> 
<School name> 
<Address> 
<City>, <State> <Zip> 
Dear Ms. <Last name>: 
In our telephone conversation last spring, you indicated willingness to allow one of your 
biology classes to participate in a food safety survey. This is the packet of materials you will 
need for participation in the research study. 
Enclosed are parental informed consent forms, which should be sent home with each student 
at least two to three days before administering the survey. Please make sure students know 
the date that you plan to give the survey. These forms only need to be signed and returned if 
the parent or guardian does not want the student to participate. 
An administrator approval form is enclosed and must be returned with the completed 
surveys. Iowa State University requests building administrators be notified that my research 
is being conducted in the schools and a signed approval form be maintained on record. 
Surveys are enclosed for each student in the class you have chosen to participate in the 
survey. Students are not required to participate, so they may return a blank survey. If 
additional surveys are needed, please make copies of one provided. 
Once students have taken the survey, please return the completed surveys, any signed 
consent forms, the administrator form and the attached "Completion Checklist", filled out 
with all relevant information, in the enclosed postage-paid envelope by November 15, 2002. . 
Thank you again for allowing your students to participate in the survey. You will receive a 
copy of the results for your school, as well as the entire project, in the spring. If you have 
any questions or concerns, please call me at 515-210-1080 or e-mail at jdellis@iastate.edu. 
Best regards, 
Jason Ellis 
Research Associate 
Iowa State University 
Joe Sebranek, Ph.D. 
University Professor 
Iowa State University 
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